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ABSTRACT
We study the environments of low redshift (z < 0.5) quasars based on a large
and homogeneous dataset from the Stripe 82 region of the Sloan Digital Sky Survey
(SDSS). We have compared the < 1 Mpc scale environments of 302 quasars that were
resolved in our recent study to those of 288 inactive galaxies with closely matched red-
shifts. Crucially, the luminosities of the inactive galaxies and the quasar host galaxies
are also closely matched, unlike in most previous studies.
The environmental overdensities were studied by measuring the number density
of galaxies within a projected distance of 200 kpc to 1 Mpc. The galaxy number
density of the quasar environments is comparable to that of the inactive galaxies with
similar luminosities, both classes of objects showing significant excess compared to the
background galaxy density for distances < 400 kpc. There is no significant dependence
of the galaxy number density on redshift, quasar or host galaxy luminosity, black hole
mass or radio loudness. This suggests that the fueling and triggering of the nuclear
activity is only weakly dependent on the local environment of quasars, and the quasar
phase may be a short-lived common phase in the life cycle of all massive galaxies.
Key words: galaxies: active - galaxies:nuclei - quasars: general
1 INTRODUCTION
The last decades have seen the emergence of the general con-
sensus that most, if not all, massive galaxies host a super-
massive black hole in their center (e.g. Richstone et al. 1998).
Observations of early-type galaxies have shown a tight re-
lation between the mass of the central black holes and the
properties of the spheroids hosting them (see e.g. Ferrarese
& Cote 2006, for a review) which suggests that the forma-
tion and evolution of the galaxies and their nuclear activ-
ity are linked. As quasars are fueled by accretion onto the
supermassive black hole (e.g. Yu & Tremaine 2002), under-
standing the mechanism that triggers their activity plays a
fundamental role in our understanding of the processes that
have built the galaxies and their nuclei.
In spite of half a century of studies aimed to understand
the quasar activity, the mechanism that activates and fuels
the nuclei of galaxies is still a matter of debate. The lead-
ing processes thought to be responsible for transforming a
dormant massive black hole into a luminous quasar are dissi-
pative tidal interactions and galaxy mergers (e.g. Di Matteo
et al. 2005; Callegari et al. 2011, and references therein).
Galaxy formation is known to be heavily influenced by the
environment, with galaxies in clusters tending to be ellipti-
cal and deprived of most of their gaseous content (e.g. Silk
& Wyse 1993; Kormendy et al. 2009), and also commonly
showing signs of close interactions and mergers (e.g. Bennert
et al. 2008; McIntosh et al. 2008). To better understand how
quasars are formed, it is therefore important to study the
relation between this environment and the nuclear activity.
The environments of quasars have been studied in the
past on widely different scales ranging all the way from host
galaxies to Mpc scales. Very early studies such as Stock-
ton (1978) and Yee & Green (1984) have shown that typ-
ical quasar environments have galaxy densities comparable
to galaxy groups or poor clusters. At Mpc scales, compar-
ing the environments of quasars to those of galaxies has
given conflicting results. Early studies on Mpc scales sug-
gest that quasars are more strongly clustered than galaxies
(e.g. Shanks et al. 1988; Chu & Zhu 1988), while later stud-
ies based on surveys such as the Two Degree Field (2dF)
and the Sloan Digital Sky Survey (SDSS) have found the
environmental galaxy densities of quasars and galaxies to
be comparable to each other (e.g. Smith et al. 2000; Wake
et al. 2004).
At smaller scales, the studies have also shown differing
results. Ellingson et al. (1991) studied a sample of 32 radio
loud quasars (RLQs) and 33 radio quiet quasars (RQQs) at
0.3 < z < 0.6 and found that the environments around
RLQs are significantly denser than those around RQQs,
which they find to have environmental density values sim-
ilar to those found for average non-active galaxies in pre-
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vious studies. More recent studies of small samples of low
redshift quasars such as Fisher et al. (1996) and McLure
& Dunlop (2001) on the other hand find no difference be-
tween the environments of RLQs and RQQs. Both studies
used data taken with the HST, with Fisher et al. (1996)
studying a sample of 20 quasars at z 6 0.3, and McLure
& Dunlop (2001)) using a sample of 44 quasars at z 0.2.
The environments of both RLQs and RQQs were found to
have densities larger than those of non-active galaxies, with
values similar to those found for the RLQ sample of Fisher
et al. (1996). Similar results were reported by Wold et al.
(2000) and Wold et al. (2001) who used images from Nordic
Optical Telescope (NOT) and HST to study 21 RLQs and
21 RQQs at 0.5 < z < 0.8, concluding that no evolution of
the environmental density with redshift was found. A more
recent study by Ramos Almeida et al. (2013) compared the
environments of 19 radio galaxies at redshifts 0.2 < z < 0.7
to those of 20 RQQs at 0.3 < z < 0.41 and found that
radio galaxies appear to reside in denser environmets than
quasars.
The early studies of quasar environments had to deal
with small sample sizes, but surveys such as the Two De-
gree Field (2dF) and Sloan Digital Sky Survey (SDSS) have
allowed studies with much larger quasar and galaxy sam-
ples. Croom et al. (2004), for example, used data from the
2dF QSO Redshift Survey (2QZ) to study the clustering of
of 20000 quasars at z < 3. The study of the actual envi-
ronments of the quasars and a comparison sample of galax-
ies was done at redshifts z < 0.3 for a subsample of 200
quasars, and Croom et al. (2004) found the environments
of the quasars to be statistically identical to those of galax-
ies. Coldwell & Lambas (2006) used the third data release
(DR3) of SDSS to study the environments of 2000 quasars
at redshifts of z < 0.2, using a comparison sample of 2300
galaxies. The quasar and galaxy samples were selected to
have similar redshift distributions, but no matching based
on the luminosity of the galaxies was done. The study found
no difference between the environmental density of the two
samples, noting that both quasars and galaxies tend to re-
side in regions more dense than field galaxies, but less dense
than cluster environments.
However, some other studies using the SDSS archives
have found contradicting results. Serber et al. (2006) also
used data from SDSS DR3 to study environments of 2000
quasars at z < 0.4 and found again that quasars are lo-
cated in regions of local overdensity higher than that of the
background and that the density enhancement is strongest
within 100 kpc from the quasar. They also found that the
overdensity around the quasars is larger than that around
typical L* galaxies, and that the high luminosity quasars
have denser small-scale environments than low luminosity
quasars. Another study by Strand et al. (2008) used SDSS
DR5 to study a sample of 4000 quasars at z < 0.6, found en-
vironmental densities similar to those of Serber et al. (2006),
though a comparison with non-active galaxies could not be
performed due to the lack of a control sample. A more re-
cent study by Zhang et al. (2013) used data from Stripe 82
region of the SDSS to study environments of 2300 quasars
at 0.6 < z < 1.2. They found that quasars exhibit an over-
density of galaxies with respect to the background of field
galaxies, and that the clustering amplitude increases with
the redshift. However, in the absence of a control sample,
it is unclear whether the density of galaxies around quasars
actually differs from the density around non-active galaxies
at these redshifts.
In this study we have used more recent data from the
seventh SDSS data release (DR7) (Abazajian et al. 2009)
to study the environments of low redshift quasars. In order
to perform the environment study with deeper capability,
we have used a stripe of sky along the Celestial Equator in
the Southern Galactic Cap known as Stripe 82 (Annis et
al. 2011). This region was imaged multiple times during the
period of 2004-2007, and the final co-added images reach up
to 2 magnitudes deeper than other SDSS data. This allowed
us to use a fainter magnitude limit for the galaxies to be
included than the previous studies.
This work is part of a series of papers aimed at inves-
tigating the properties of low redshift quasars from a large
and homogeneous dataset. In paper I (Falomo et al. 2014)
the results on the properties of quasar host and the relation-
ship with BH mass were reported. In paper III (Bettoni et
al. in prep) we aim to study the morphology, colours and
peculiarities of quasar hosts, while paper IV will study the
colours of galaxies in the environments of quasars. The work
done in paper I allowed us to construct a control sample of
galaxies which is closely matched with the quasar sample
with respect to the properties of the host galaxies, an im-
portant aspect which was neglected by previous studies. The
quasar and galaxy samples used in the study are described
in Section 2. The dataset and the method of analysis are de-
scribed in Section 3, and the results are given in Section 4.
Section 5 contains comparison with previous works. Finally
in Section 6 we report the main conclusion of this study.
We adopt the concordance cosmology with H0 = 70 km
s−1 Mpc−1, Ωm = 0.3 and ΩΛ = 0.7.
2 THE SAMPLE
The quasar sample was extracted from the fifth release of
the SDSS Quasar Catalog (Schneider et al. 2010), which uses
data from the seventh SDSS data release (Abazajian et al.
2009). The catalog consists of quasars fainter than i ∼ 15.0,
with an absolute magnitude of Mi <-22.0 and a reliably
measured redshift. Additionally the quasars either have at
least one emission line with FWHM>1000 km/ sec, or show
complex/interesting absorption lines. The full catalog con-
tains ∼106.000 spectroscopically confirmed quasars. In this
work we only used objects in the Stripe 82 (Annis et al.
2011) region.
There were two main constraints imposed to obtain
our final quasar sample. First, we had to avoid objects too
close to the edges of the Stripe 82, to make sure we could
fully study the environment of each standard object. Sec-
ond, since the goal was to use the same quasar sample to
study both the environments (this work) and the host galax-
ies (see Falomo et al. 2014), the high redshift limit had to
be chosen such that resolving the quasar host galaxy would
be possible for most targets.
Our quasar sample includes quasars from the above cat-
alog with a redshift in the range 0.1 < z < 0.5, which are
inside the region 1.0 < DEC < −1.0, 0 < RA < 59.8 and
300.2 < RA < 360. This gives a total of 416 quasars. Of
these, 24 quasars were detected by the FIRST radio survey
c© 0000 RAS, MNRAS 000, 000–000
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Figure 1. Distribution of the FQS (416 objects) in z-Mi plane.
RQQs are represented by black squares and RLQs by red trian-
gles.
(Becker et al. 1995), with a detection threshold of 1 mJy.
These quasars form the radio loud quasar (RLQ) subsam-
ple. The mean redshift of the whole quasar sample is < z >
=0.39±0.08 and the average absolute magnitude is < Mi >
= −22.68 ± 0.62. Fig. 1 shows the distribution of this ”full
quasar sample” (FQS) in the z-Mi plane, with the RLQs
shown as red triangles. As we were also interested in study-
ing the magnitudes of the quasar host galaxies and their
possible dependence on the environment, we also defined a
smaller sample containing the objects resolved by Falomo
et al. (2014). This ”resolved quasar sample” (RQS) contains
302 objects and has < z > =0.38± 0.08, with < Mi,qso > =
−22.30± 0.77 and < Mi,host > = −22.54± 0.63.
In order to see how the environments of quasars com-
pare to those of inactive galaxies, we also defined a con-
trol sample of galaxies with similar redshift and host galaxy
magnitude distribution. To do this, we selected all objects
in the Stripe 82 database that are classified as galaxies for
which accurate spectroscopic redshifts had been determined.
The sample was further cut to have redshifts in the range
0.1 < z < 0.5. Finally, a subset of 580 galaxies was chosen
with a redshift distribution close to that of the FQS. This
”full control galaxy sample” (FCGS) has a mean redshift
of < z > =0.38 ± 0.08 and an average absolute magnitude
of < Mi > = −22.22 ± 0.77. This sample was compared
with the host galaxy magnitudes of the RQS, determined
by Falomo et al. (2014) to make the magnitude distribution
of the samples similar. Our final ”matched control galaxy
sample” (MCGS) contains 288 objects, with a mean redshift
of < z > =0.38 ± 0.08 and an average absolute magnitude
of < MR > = −22.53±0.55. The distribution of the objects
in the z-Mi plane for the RQS and MCGS are shown in Fig.
2a. Fig. 2b and 2c show the comparison of the redshift and
(host) galaxy magnitude distributions for the two samples.
3 DATA AND ANALYSIS
We used the i-band images to study the quasar environ-
ments. These images correspond to the R filter at the rest
frame of an object at the average redshift of the dataset.
The advantage of using images of the Stripe 82 is illustrated
in Fig. 3, which shows an image from SDSS DR7 compared
with the same area from the Stripe 82 data.
SDSS archives provide a catalog of photometric objects
in Stripe 82, classified into galaxies and stars. This catalog
provides positions and magnitudes of the objects. In order
to have full control of the measurements we performed in-
dependent detection and classification of objects in the im-
ages using software SExtractor (Bertin & Arnouts 1996).
We compared the objects catalogs generated with SExtrac-
tor to those of SDSS, and performed a visual inspection on
a number of frames to further to study the validity of our
classification. We found a good match between the SDSS
and SExtractor catalogs at apparent magnitudes mi < 23,
but at fainter magnitudes the number of objects detected
by SExtractor dropped dramatically compared to those in
the SDSS catalog. A visual inspection of these faint objects
showed that they are mainly background noise which is ei-
ther undetected by SExtractor or classified as an ”unknown”
object. (See Appendix A for details)
The Stripe 82 region has a significant trend in the stellar
density, caused by differences in the Galactic latitude over
the stripe, ranging from −25◦ < b < −65◦. As a result, up to
50% of objects in the fields located at low Galactic latitudes
are stars. At higher Galactic latitudes, the fraction of objects
classified as stars dropped down to ∼10%. The large number
of stars in some of our fields thus required us to have a robust
method for separating stars and galaxies.
The object detection and classification in the images
was done by SExtractor (Bertin & Arnouts 1996), which
uses a neural network to determine how star- or galaxy-like
an object is. SExtractor was selected because of its fast pro-
cessing time, and the ability to classify faint objects more
accurately than other similar catalog extraction softwares
(e.g. Becker et al. 2007; Annunziatella et al. 2013). This clas-
sification is represented as a number from 0.0 to 1.0, with 0.0
corresponding to a galaxy and 1.0 corresponding to a star.
Objects for which classification is uncertain are given val-
ues between these two extremes. To minimise the number of
misclassified objects in our analysis, we studied the distribu-
tion of the classification versus the magnitude, an example
of which is shown in Fig. 4. We chose a conservative limit of
classification value 6 0.20 for our galaxies, to make sure we
avoid all the stars and majority of the ”unknown” objects
(centered around 0.5). Furthermore, the majority of the ”un-
known” objects are fainter than the magnitude thresholds
we calculated for the frames (see below), thus making the
selection of the exact galaxy limit less sensitive.
In addition to the frames containing the targets in our
quasar and control samples, we also considered three addi-
tional adjacent frames located closest to the targets. This
was done because the frames were not in general centered
around our target objects, so the environment up to a dis-
tance of 1 Mpc from the target often didn’t fit within the
frame. This is illustrated in Fig. 5, where the frame con-
taining the target quasar is located in lower right corner.
Additionally, at low redshifts, the field of view of the SDSS
c© 0000 RAS, MNRAS 000, 000–000
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Figure 2. The properties of the RQS and the MCGS, where the Mi of the RQS refers to the magnitude of the host galaxy, as determined
by Falomo et al. (2014): a) distribution of the samples in z-Mi plane, RQQs are represented by black squares, RLQs by blue triangles
and control sample galaxies by red circles; b) Distributions of the two samples with respect to redshift (black for RQS, red for MCGS);
c) Distributions of the two samples with respect to Mi of the (host) galaxies for both the RQS (black) and MCGS (red).
Figure 3. An example showing the difference between the i-band images in SDSS DR7 (panel a) and Stripe 82 (panel b) datasets for
the region around SDSS J023922.87-000119.5. This Stripe 82 image is a combination of 67 individual images.
images (13.5′× 9.8′) is too small to fit the full environment
up to a distance of 1 Mpc; for example, at redshift z = 0.17,
a radius of 1 Mpc corresponds to 5.8 arcminutes. A larger
field of view is also required to determine the background
galaxy density.
The input parameters for Source Extractor were deter-
mined separately for each analysed image, to account for the
fact that the image quality may be different from one frame
to another. The effect of artifacts in the images was mini-
mized by excluding from the analysis the objects flagged by
Source Extractor as having close, bright neighbours, with
which they had been originally blended. This also removed
some genuine objects, but the loss was generally ∼ 5% of to-
tal number of detected objects. Once the Source Extractor
had been run on the ”target frame” and the three asso-
ciated ”environment frames” the four object catalogs were
combined into one ”master” catalog. As the 4 frames over-
lapped with each other on the edges, some of the objects in
c© 0000 RAS, MNRAS 000, 000–000
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Figure 4. A plot of Star-Galaxy classification vs Magnitude for
the field containg SDSS J021447.00-003250.6. Black circles show
the galaxies, while red stars and green crosses denote stars and ob-
jects with uncertain classification, respectively. The blue dashed
line shows the magnitude threshold determined for the frame.
the overlapping areas were essentially detected twice. This
was dealt with by using the detected objects from only one
of the frames in the overlapping regions, giving preference
to the target frame.
To determine the magnitude threshold of our frames, we
compared the galaxy number counts in each of the fields to
those expected by the Extragalactic Astronomy & Cosmol-
ogy Research Group at Durham University1. The magnitude
threshold for each frame was then defined as the magnitude
at which completeness in the image had dropped to 50%.
As each of the 4 frames used to study one target could be
of slightly different quality, and hence had a different mag-
nitude threshold, we chose to set our limits according to the
brightest magnitude threshold. Fig 6 shows a comparison
between the galaxy counts in the field of one target, and
the data from the Durham Cosmology Group. The dashed
line shows the magnitude limit adopted for the frame. The
average value of the magnitude threshold for the FQS is
mi = 22.8, and the distribution of the magnitude thresholds
is shown in Fig. 7, along with M*, M*+1 and M*+2 at dif-
ferent redshifts, where M*(i) = -21.9 (Loveday et al. 2012).
It is noticeable that for the majority of target the magnitude
threshold allows us to measure galaxies as faint as M*+2.
3.1 Galaxy background determination
The background galaxy density was determined for each ob-
ject by selecting randomly 30 sets of positions within the
area covered by the combined field. The number density
1 Data and references available online at http://astro.dur.ac.
uk/~nm/pubhtml/counts/counts.html
of galaxies within a 250 pixel radius (corresponding to 99
arcsec or a physical radius of ∼190-600 kpc at our redshift
range) was then calculated for each of these positions. These
random positions had a minimum distance of 250 pixels from
the edges of the field, and the coordinates were selected in
way that none of the background areas overlapped with the
area around the quasar. This procedure is illustrated in Fig.
5. The value for the background density was determined by
taking the average value the galaxy density from of all the
positions.
4 GALAXY ENVIRONMENT OF QUASARS
The projected galaxy number densities around the quasars
were determined by counting the number of detected galax-
ies within a radius Rmax, and then dividing the number by
the (angular) area covered. This was done for different dis-
tances from 100 kpc to a maximum distance of 3 Mpc. Ta-
bles 1 and 2 show the number of galaxies and the calculated
galaxy density within a distance of 250kpc for the first 20
objects of the FQS and FCGS, respectively. In addition to
this cumulative method, the environment was also divided
into annular regions with a fixed width of 200 kpc at the
redshift of the target, and the number density of galaxies
in each of these radius bins out to a distance of 3 Mpc was
derived. The densities computed by the latter method are
illustrated in Fig. 8 for two representative objects. In one
case a clear increase in density is observed at small radii
while for the other the density is at the same level as the
background.
The excess galaxy surface density around the target,
or the ”overdensity”, was defined as the ratio of the galaxy
density measured near the target, nenv and the background
density, nbg. We characterize this overdensity with a param-
eter G, where G = nenv/nbg. A ratio of unity (ie. G = 1)
thus implies that no overdensity is present in the target en-
vironment. The overdensity was calculated for each of the
200 kpc wide radius bins surrounding the quasar to study
how the density changes with projected distance from the
quasar. The top panel of Fig. 9 shows the average differen-
tial overdensities for each bin for both the RQS and MCGS,
while the bottom panel shows the ratio of the overdensi-
ties, GRQS/GMCGS . For both samples, the overdensity has
a strong peak at the smallest separations (smaller than 200
kpc), and then quickly drops to the background level. The
average overdensity within 200 kpc reaches 1.15± 0.04 and
1.23 ± 0.06 for the RQS and MCGS, respectively, where
the uncertainty represents the 95% confidence level. The
overdensity reaches values comparable to the background at
about 1 Mpc for both samples. The overdensities at radii up
to 1 Mpc are slightly larger for the control sample, but the
difference isn’t statistifically significant. This implies that
the local environments of the quasars do not differ signifi-
cantly from those of the galaxies in our control sample and
in any case are not richer than those of inactive galaxies. As
the overdensity at distances larger than 1 Mpc is similar to
background, we have only performed the rest of the analysis
at distances < 1 Mpc.
Fig. 10 shows the mean cumulative overdensity around
the targets in the RQS and MCGS. Table 3 shows the over-
densities within different radii for the full and matched sam-
c© 0000 RAS, MNRAS 000, 000–000
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Table 1. The measured galaxy number densities within a distance of 0.25 Mpc, background galaxy number densities and magnitude
limits for the FQS. N0.25 is the number of galaxies detected within 0.25 Mpc of the quasar, n0.25 is the galaxy number density within
0.25Mpc, nbg is the average background galaxy density and mi,th is the apparent magnitude threshold determined for the frame. Only
the first 20 quasars are shown. The complete table is available in electronic format.
Nra SDSS z N0.25 n0.25 nbg σbg mi,th
arcmin−2 arcmin−2 arcmin−2 mag
1 r J203657.28+000144.3 0.44 5 2.97 3.12 0.70 21.91
2 J203746.78+001837.2 0.45 12 7.30 5.28 1.13 22.68
3 J203905.23-005004.9 0.43 10 5.72 4.84 1.21 22.62
4 r J204153.51+002909.8 0.40 10 5.24 4.15 0.83 22.65
5 r J204340.03+002853.4 0.32 18 7.05 5.97 1.31 22.68
6 J204433.61+005035.5 0.49 6 3.97 3.99 1.20 22.36
7 J204527.70-003236.2 0.30 18 6.45 3.96 0.79 22.56
8 r J204621.29+004427.8 0.40 5 2.65 3.61 1.00 22.55
9 J204626.10+002337.7 0.33 10 4.18 4.42 0.94 22.63
10 r,q J204635.37+001351.7 0.49 10 6.62 4.63 0.72 22.65
11 r J204753.67+005324.0 0.36 6 2.82 3.05 0.86 22.36
12 r J204826.79+005737.7 0.49 6 3.97 3.29 0.86 22.36
13 r J204844.19-004721.5 0.47 4 2.53 4.31 0.90 22.41
14 J204910.96+001557.2 0.36 10 4.69 5.56 0.89 22.79
15 J204936.47+005004.6 0.48 5 3.23 3.85 0.84 22.39
16 r,q J204956.61-001201.7 0.37 11 5.27 4.28 0.84 22.68
17 r J205050.78+001159.7 0.31 22 8.33 5.39 0.93 22.77
18 r J205105.02-003302.7 0.30 14 5.09 5.14 0.97 22.69
19 r J205212.28-002645.2 0.27 11 3.40 4.91 0.94 22.61
20 r J205352.03-001601.5 0.36 10 4.68 5.23 1.19 22.74
(a) Quasars belonging to RQS indicated by (r), while quasars with (q) and (l) belong to the RQQ and RLQ samples, respectively
Table 2. The measured galaxy number densities within a distance of 0.25 Mpc, background galaxy number densities and magnitude
limits for the FCGS. N0.25 is the number of galaxies detected within 0.25 Mpc of the galaxy, n0.25 is the galaxy number density within
0.25Mpc, nbg is the average background galaxy density and mi,th is the apparent magnitude threshold determined for the frame. Only
the first 20 galaxies are shown. The complete table is available in electronic format.
Nra SDSS z N0.25 n0.25 nbg σbg mi,th
arcmin−2 arcmin−2 arcmin−2 mag
1 m J000121.46-001140.3 0.46 12 7.52 5.58 1.52 22.93
2 m J000127.46+002815.4 0.25 23 6.60 6.71 1.56 22.80
3 J000145.00+001900.9 0.46 10 6.25 6.30 1.25 22.84
4 m J000152.82+003533.0 0.39 21 10.64 6.37 1.37 22.76
5 m J000226.85+004533.5 0.38 13 6.46 5.23 1.52 22.48
6 J000322.05+002255.0 0.21 28 6.21 6.60 1.30 22.88
7 J000358.79-001252.0 0.36 28 13.08 6.59 1.49 22.97
8 m J000511.42+005820.4 0.36 12 5.63 4.44 0.87 22.46
9 J000532.27-002259.1 0.35 14 6.22 6.31 1.36 22.81
10 J000534.96-005640.2 0.37 8 3.84 5.58 1.02 22.73
11 m J000537.94+001404.4 0.32 19 7.52 7.00 1.56 23.00
12 m J000721.83-005609.9 0.38 4 2.01 6.90 1.90 22.91
13 J000737.68-005357.1 0.44 11 6.52 6.26 1.22 22.91
14 J000842.26+001403.0 0.45 19 11.64 6.35 1.75 22.89
15 J000856.14+001758.2 0.36 26 12.11 7.06 1.75 22.89
16 J000942.92-003048.3 0.39 11 5.59 5.07 1.09 22.88
17 m J001016.62-002305.4 0.21 23 4.95 6.02 1.10 22.93
18 J001024.80+000724.7 0.24 36 9.68 7.39 1.37 22.99
19 m J001029.09+004904.2 0.35 10 4.39 5.38 1.10 22.61
20 m J001111.95+001557.5 0.42 13 7.34 7.65 1.24 23.06
(a) Galaxies belonging to MCGS indicated by (m)
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Figure 5. The four frames used to study the environment of SDSS J021447.00-003250.6. The redshift of the object is 0.3489. The
dashed black lines show the edges of each of the 4 overlapping frames. The blue circle shows the location of the target, while the red
circle corresponds to a distance of 1 Mpc from the target. The green circles show the randomly picked areas used for determining the
background galaxy density.
ples. The difference between the FQS and RQS is negligible,
while the MCGS has larger overdensities than the FCGS,
though the difference is not statistically significant; for ex-
ample, at distance of 250 kpc, the FCGS shows an over-
density of 1.16 ± 0.04, while for the MCGS the same value
is 1.21 ± 0.06. This small difference can be explained by
the fact that the average luminosity of the galaxies in the
MCGS is higher than that for the FCGS, and higher lumi-
nosity galaxies appear to have greater associated environ-
mental overdensities (see section 4.3).
The highest excess densities are found at the small dis-
tances from the target, with the RQS having an excess of
1.22± 0.10 at 100 kpc radius, and the MCGS with an over-
density of 1.40± 0.11 at the same distance. The overdensity
around the MCGS galaxies at larger radii is not significantly
different from the overdensities found for the RQS.
Since the galaxy clustering around quasars could de-
pend on a number of properties such as the redshift, nu-
clear luminosity, radio loudness and BH mass we search for
possible correlations of the galaxy overdensity with these
parameters.
4.1 Dependence of environment on redshift
To study the possible evolution of the environments with
redshift, we divided the RQS and MCGS into 10 bins, with
the same number of objects in each redshift range. We then
defined a parameter G0.25 as the overdensity within a dis-
tance of 0.25 Mpc from the target to study the redshift de-
pendence. We did a linear weighted least squares fit to the
data to look for a dependence on redshift, and compared it
with a zero slope fit for each sample. The fit parameters and
their associated uncertainties are shown in Table 4 along
with the probability of the fit, P (χ2). Fig. 11a shows the
G0.25 parameter as a function of redshift for the RQS. The
best linear fit has a slope of 0.15 ± 0.22 showing no redshift
dependence.
Fig. 12a shows the G0.25 parameter as a function of
redshift for the MCGS. Unlike the RQS, the MCGS shows
a trend of rising overdensity with increasing redshift. The
best linear fit gives a slope of 1.09 ± 0.28, whereas the zero
slope case is rejected with P (χ2) < 0.05. At redshifts be-
low 0.3 the overdensity is marginal, having values consistent
with no overdensity. This is slightly lower than the over-
density of 1.11 found for the RQS at the same redshifts,
but the difference is not statistically significant. At z > 0.3
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Table 3. The overdensities within a distance of Rmax around both our quasar and control samples at varying distances. The results
from Table 1 of Serber et al. 2006 are also included for comparison.
Rmax (kpc) Quasar sample Control sample Serber et al. 2006
FQS RQS FCGS MCGS Quasar L* Galaxies
100 1.21± 0.09 1.22± 0.10 1.30± 0.08 1.40± 0.11 2.12± 0.08 1.507± 0.010
250 1.11± 0.04 1.12± 0.04 1.16± 0.04 1.21± 0.06 1.57± 0.03 1.235± 0.004
500 1.06± 0.02 1.06± 0.03 1.08± 0.02 1.10± 0.03 1.27± 0.02 1.144± 0.003
1000 1.02± 0.02 1.02± 0.02 1.03± 0.01 1.04± 0.02 1.13± 0.01 1.082± 0.002
Figure 6. A plot of galaxy counts vs. mi for both the field con-
taining SDSS J021447.00-003250.6 (red squares) and the data
from Durham Cosmology Group (black dots). The dashed black
line shows the magnitude limit of the field.
however, the overdensity has higher values and grows with
redshift, reaching a value of 1.41 ± 0.10 for z > 0.47. The
differences are better illustrated in Fig. 13a, which shows the
ratio G0.25(RQS)/G0.25(MCGS) at different redshifts. Even
at the higher redshifts, the difference isn’t significant.
4.2 Dependence of environment on quasar and
host galaxy luminosity
To investigate the dependence of the environment on the lu-
minosity of the quasar and of its host galaxy, the RQS was
divided into 10 magnitude bins based on the absolute mag-
nitude of the quasar as determined by Falomo et al. (2014),
with each bin again containing the same number of objects.
Fig. 11b shows the G0.25 parameter for the quasars as a
function of the absolute magnitude of the quasar, MR,QSO,
where the magnitudes are corrected for the galactic extinc-
tion and k-corrected to the R band rest frame. Again we
did a weighed linear fit to the data to study the luminos-
ity dependence, with the fit parameters shown in Table 4.
Our best linear fit, with a slope of -0.04 ± 0.03, and the
zero slope fit are both found to be consistent with the data,
Figure 7. A plot of derived magnitude thresholds in mi vs. the
redshift of the object. The solid black line shows the mean value
of the threshold for our sample, mi = 22.8. The solid green line
shows the apparent i-band magnitude of M* at different redshifts,
with the dashed cyan and dotted red lines corresponding to M*+1
and M*+2, respectively.
although due to weak slope and large associated errors, we
find no dependence of the overdensity on the luminosity of
the quasar.
Similarly in Fig. 11c we show the G0.25 parameter for
the RQS as a function of MR,host, while Fig. 12b shows the
same for the MCGS. For the quasar sample the best linear fit
gives a slope of -0.03 ± 0.03, but the fit is not a particularly
good one, with P (χ2) = 0.10. The zero slope fit to the data
was similarly poor, with P (χ2) value just above 0.05. The
bad fits are due to the low luminosity objects withMR,host −
21.5; a better fit with a slope of 0.03± 0.04 and P (χ2) = 0.35
is obtained if the lowest luminosity objects are excluded, but
even then no luminosity dependence is found. Hence we do
not find significant dependence of the galaxy environment
on the host galaxy luminosity, with the possible exception
of the lowest luminosity objects (MR,host = −21.5) that are
not found in regions with significant overdensity. For the
MCGS, on the other hand, the best linear fit with a slope of
-0.14 ± 0.04 is found to be a good match to the data, with
the case of no dependence rejected (having P (χ2) < 0.05).
Fig. 13b, shows the ratio G0.25(RQS)/G0.25(MCGS) as a
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Figure 8. An example of radial distribution of galaxy surface number density around two quasars up to a distance of 3 Mpc: a)SDSS
J021447.00-003250.6 at a redshift of z = 0.35, b) SDSS J003723.49+000812.5 at a redshift of z = 0.25. The solid black line shows the
background galaxy density of the field with it’s associated uncertainties (dashed black lines).
Figure 9. Top Panel: Average differential overdensity of the envi-
ronments for different distances from the target for both the RQS
(black) and the MCGS (red). The solid blue line corresponds to
no overdensity. Bottom panel: The ratio of the overdensities of the
RQS and MCGS, with their associated uncertainties. The dashed
line shows the case of equal overdensities.
function of MR. This ratio is consistent with unity for all
but the most luminous galaxies. A similar trend was also
noted by (Serber et al. 2006).
To test if the overdensity of MCGS depends on the red-
shift in our case (see Fig. 12a) we search for redshift luminos-
Table 4. Linear weighted least-squares fit parameters for the
matched quasar and control samples. The last column gives the
χ2 probability of the fit.
Sample Slope Intercept χ2 P(χ2)
RQS - z 0.151± 0.216a 1.059 6.13 0.63
0.0b 1.110 6.62 0.47
MCGS - z 1.090± 0.280a 0.791 10.26 0.25
0.0b 1.171 25.38 < 0.05
RQS - MR −0.039± 0.030a 0.232 11.77 0.16
0.0b 1.113 13.53 0.06
RQS - MR,host −0.025± 0.033a 0.560 13.46 0.10
0.0b 1.126 14.04 0.05
MCGS - MR −0.135± 0.044a -1.865 4.60 0.80
0.0b 1.189 14.20 < 0.05
RQS - MBH −0.018± 0.039a 1.249 16.38 < 0.05
0.0b 1.095 16.59 < 0.05
(a) Fitted slope
(b) Zero-slope linear fit
ity correlation. This was done by selecting smaller subsam-
ples from each redshift bins that all had similar luminosity
distributions. Even with with a sample of quasars of similar
luminosities at all redshifts, the dependence of the overden-
sity on redshift remained, with a best linear fit of slope 1.028
± 0.312.
However, the fact that the overdensity around non-
active galaxies increases both with luminosity and redshift
while no such dependence is found for the quasars could
help to explain the slightly higher overall overdensity found
for the control sample reported earlier in Section 4. This is
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Figure 10. Mean cumulative overdensity of the environments as a function of distance for a) the full quasar and control samples, b) the
resolved quasar sample and the matched control sample. Black squares show the overdensity for the quasars and red triangles for the
galaxies in the control sample. For clarity, points have been offset slightly horizontally.
Figure 11. The dependence of the G0.25 parameter on a) red-
shift, b) absolute magnitude of the quasar, c) absolute magnitude
of the host galaxy and d) black hole mass of the quasar host. The
dashed black line shows the mean value of G0.25 for the quasar
sample. In all cases the bins have been chosen to have the same
number objects.
Figure 12. The dependence of the G0.25 parameter on a) red-
shift, b) absolute magnitude of the galaxy for the matched control
sample of inactive galaxies. The dashed red line shows the mean
value of G0.25 for the sample. In all cases the bins have been
chosen to have the same number objects.
because both the quasar and control samples have most of
their targets at high redshifts and luminosities, where the
overdensities for non-active galaxies are larger than those of
quasars.
4.3 Dependence of environment on black hole
mass
As galaxy formation and evolution are heavily influenced
by their environments (Kormendy et al. 2009, e.g.) and the
properties of the galaxies and their central black holes are
likely linked (Ferrarese & Cote 2006, e.g.), we also investi-
gate the dependence of the environment on the black hole
mass. We adopted the BH mass measurements obtained by
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Figure 13. The ratio G0.25(RQS)/G0.25(MCGS) as a function
of a) redshift, b) absolute magnitude of the (host) galaxy. The
dashed line shows the case where the overdensities on both sam-
ples are equal.
Shen et al. (2011), who use FWHM of Hβ to estimate the
virial BH mass for all quasars in SDSS DR7 (see Falomo
et al. 2014, for more details). Fig. 11d shows the G0.25 pa-
rameter as a function of black hole mass, along with a best
linear fit (solid black line). Again we found no significant
dependence of the environment on BH mass, although the
fit to these data is somewhat poor (see Table 4)
4.4 Dependence of environment on radio
luminosity
Our quasar sample is dominated by radio quiet quasars
and only 24 quasars in our sample are radio loud. Previ-
ous studies on the connection between the radio luminosity
and the environmental galaxy density around quasars have
shown mixed results, with studies like Yee & Green (1987)
an Ellingson et al. (1991) finding the environments around
RLQs to be denser than those around RQQs while studies
by Fisher et al. (1996) and McLure & Dunlop (2001) find
no difference between the environments of RLQs and RQQs.
A more recent study by Ramos Almeida et al. (2013) found
a dependence of radio luminosity of radio galaxies with the
density of their environment. To check whether we find a
dependence for the overdensity of the environment on the
radio loudness. Since the number of RLQs was much smaller
than that of RQQs, we built a subsample of 24 RQQs with
a similar luminosity and redshift distribution as the RLQ
subsample. Fig. 14 shows the mean cumulative overdensity
of the environments for the RLQ and RQQ subsamples as a
function of distance from the quasar. No difference is found
in the environments of RQQs and RLQs.
Figure 14. Mean cumulative overdensity of the environments for
the RQQ (black squares) and the RLQ (red triangles) subsam-
ples as a function of distance. Points have been offset slightly
horizontally for clarity.
5 DISCUSSION
The study presented here is the first to use the Stripe 82
co-added images to reach a depth of galaxy magnitudes of
M*+2 up to the redshift of z = 0.5 and able to compare
quasar environments to those of non-active galaxies selected
by matching the galaxy properties to those of the quasar
hosts. Previous studies of quasar environments have shown
results both for and against the notion that quasars reside
in environments denser than those of non-active galaxies.
Croom et al. (2004), for example, compared the environ-
ments of 200 quasars at z < 0.3 to those of normal galaxies
at same redshifts using data from 2QZ, and found no dif-
ference between the two groups. On the other hand, studies
such as Serber et al. (2006) and Strand et al. (2008) who
used data from the DR3 and DR5 of the SDSS, respectively,
report that quasar environments are denser than those of
non-active galaxies. The control samples used in previous
studies in general have not been selected to match the quasar
samples in regards of the properties of the quasar hosts, in-
stead being just restricted to have the same redshift range
as the quasars (e.g. Serber et al. 2006). Others lack a control
sample altogether (e.g. Strand et al. 2008), making it impos-
sible to see how the presented results of quasar environments
compare with those of regular galaxies.
We focus our comparison to three studies, two of which
use data from the SDSS. The study by Serber et al. (2006)
uses a large sample of quasars from the SDSS database at
redshift range similar to the one used here, and also makes
a comparison with a sample of regular galaxies. Zhang et
al. (2013) use the SDSS Stripe 82 data to study quasars at
redshifts larger than covered by this study (0.6 < z < 1.2).
Additionally we briefly discuss a study by Ramos Almeida
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et al. (2013), who studied the environments of radio galaxies
and RQQs.
5.1 Comparison with Serber et al. 2006
Serber et al. (2006) (S06 from now on) used data from SDSS
DR3 to study the environments of 2028 quasars at z < 0.4,
and comparing them to a control sample of 105 galaxies.
However, unlike in our study, the quasar and galaxy samples
were not matched with respect to luminosity. The density
around the targets was determined by using the DR3 cata-
logs of photometric galaxies with magnitudes 14 6 mi 6 21,
which means that their magnitude threshold is almost 2
magnitudes brighter than the one used in our study. In fact,
as can be seen from Fig. 7, at z = 0.4 the galaxy catalogs
used in S06 only contain relatively luminous galaxies up to
an absolute magnitude of M*+1, missing a large number of
fainter galaxies.
In spite of this, the overall behaviour of the overdensity
around quasars found in our study is consistent to that re-
ported by S06. However, while we find the environments of
inactive galaxies and quasars to have similar densities, S06
find the environments of quasars to be denser than those of
L* galaxies, with the overdensity being largest at the small-
est separations. For comparison, we have presented the re-
sults from Table 1 of S06 in the last two columns of our
Table 3. The value of the overdensities themselves are dif-
ferent from our results; we find an overdensity of 1.12±0.04
within 250 kpc for the RQS, while S06 reports a value of
1.57± 0.03.
For the control sample, the results from S06 are not
directly comparable to ours, as they only cite the overden-
sity around L* galaxies, whereas our control sample value is
an average for the whole sample. For comparison, we calcu-
lated the overdensity for a subsection of 53 galaxies from the
MCGS around the absolute magnitude adopted in S06 for L*
galaxies. We find an overdensity of 1.15± 0.07 at a distance
of 250 kpc, which is lower than the value of 1.235±0.004 re-
ported by S06, and agrees very well with the quasar overden-
sity. Thus, we find our quasar environments to correspond
to those of L* galaxies while S06 finds quasar environments
to have similar densities to 2L* galaxies.
The differences in the overdensities could be partly ex-
plained by the fainter magnitude limit used in this study; by
including fainter background galaxies, both environmental
and background galaxy density grow by the same amount,
reducing the ratio of the two densities. To study how much
this affects our results, we set our magnitude threshold to
mi = 21, as used by S06, and repeated the analysis. We find
an overdensities of 1.17± 0.09 and 1.29± 0.10 for the RQS
and MCGS within a distance of 250 kpc. For L* galaxies
we find an overdensity of 1.15± 0.13, still clearly lower than
that reported by S06. At smaller separations (< 100 kpc) we
find overdensities of 1.17± 0.20 and 1.46± 0.24 for the RQS
and MCGS, respectively, while for the L* galaxies we get an
overdensity of 1.62±0.34, which agrees with what S06 found
within the uncertainties. We notice that due to the large un-
certainties, the overdensity around L* galaxies at distances
< 100 kpc is also consistent with the overdensity around
quasars. Therefore while the brighter magnitude limit used
by S06 could account for the difference in overdensity for the
L* galaxies, it can not explain the larger differences found
in the quasar environments.
No dependence of the overdensity on redshift or the
luminosity of the quasar was found in our study. S06 also
find no redshift dependence (see Fig. 1 of their paper), but
they did find that quasars brighter than Mi = −23.3 have
denser environments than their fainter counterparts. How-
ever this effect was found to occur at the scales of < 100kpc
and disappears at distances of larger than 100kpc. At dis-
tances smaller than 100kpc we have very few galaxies, and
the variations in the environmental density between quasars
are large. This combined with our smaller quasar sample
lead to poor statistics, and large errors at small separations.
For our inactive galaxies, we find the luminosity-
overdensity relation to be less steep than that found by
S06, with galaxies one magnitude brighter than L* having
an overdensity of 1.74 ± 0.18, compared with 1.36 ± 0.13
for L* galaxies at a distance of 100kpc. At a distance of
250kpc, we find an enhancement of overdensity by a fac-
tor of 1.17 for the same luminosity range. The relationship
found between the overdensity and the luminosity of the
galaxies is much weaker than that found by S06. Overall,
we find smaller overdensities around both quasars and inac-
tive galaxies than those reported by S06, and we also find no
difference between the two classes of objects contrary to S06.
The differences in the overdensities can partly be explained
by the deeper magnitude limit used in our study, especially
for the L* galaxies, but the cause of the large differences in
the quasar environments remains unknown.
5.2 Comparison with Zhang et al. 2013
Zhang et al. (2013) (called Z13 from now on) used data
from the SDSS Stripe 82 to study the environments of 2300
quasars at redshifts 0.6 < z < 1.2 on scales of 0.05 < rp <
20h−1Mpc. As the redshift range differs from that used in
our study, no direct comparison between the two can be
done. However, it is in principle possible to use Z13 to com-
pare how the density changes at redshifts higher than those
in our study, while keeping in mind that the absolute mag-
nitudes of the quasars studied by Z13 are on average 0.5-
1.5 magnitudes brighter than ours. Z13 uses the SDSS DR7
Stripe 82 calibrated object catalog to study the quasar envi-
ronments, but they don’t exclude stars in the catalog from
their sample of ”galaxies”. This combined with the objects in
the Stripe 82 catalogs at magnitudes fainter than mi = 23
that we detected and classified as ”noise” leads to ”back-
ground” densities that are intrinsically 10-50% higher, than
those found in our study.
Z13 measured the galaxy overdensity around the
quasars using the clustering amplitude, r0 as opposed to
the overdensity of the environment itself. However, Fig. 6 of
Z13 shows a plot of averaged galaxy number density as a
function of projected distance from the quasar for the dif-
ferent redshift intervals. Fig. 15 shows a similar plot for our
data, split into ”low-” and ”high-redshift” groups, although
our data covers a smaller range in projected distance.
We converted the Z13 galaxy background densities
(given in Mpc−2) in each of the redshift bins to that of
a constant angular area. As the average background counts
of galaxies is taken for objects of different redshifts, we used
the average redshift of the bin to calculate the new densi-
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ties. For our data, we find an average background density
of 5.9 arcmin−2 for both redshift groups. For the Z13 data
we get values of 9.9, 7.9 and 6.9 arcmin−2 for the low-,
mid- and high-redshift subsamples. The higher values of the
background densities can be expected due to the inclusion
on stars and background noise in the catalogs, but the signif-
icant variation of the background density between different
redshift samples remains unexplained.
We find no dependence of galaxy density on redshift,
while Z13 claim to find an increase in the average clustering
amplitude with redshift. However, the values given in Table
2 of Z13 show that the clustering amplitude of all three
redshift bins agree within their uncertainties, making the
redshift dependence very marginal.
We do not find a dependence of the galaxy density on
the luminosity of the quasar at redshift z < 0.5, and Z13
reports similar results at their redshift range. This implies
that the lack of luminosity dependence found by our study
extends to quasars of higher luminosities, at least at red-
shifts of 0.6 < z < 1.2. Finally, contrary to our results, Z13
finds quasars with heavier central black holes to have larger
clustering amplitudes than the ones with lighter black holes.
We note again that the values of the clustering amplitude
for the high- and low black hole mass subsamples given in
Table 3 of Z13 are consistent with each other within their
uncertainties.
5.3 Comparison with Ramos Almeida et al. 2013
Ramos Almeida et al. (2013) (RA13) studied the environ-
ments of 46 radio galaxies at redshifts 0.05 < z < 0.7, 20
RQQs at 0.3 < z < 0.41 and 107 non-active early-type
galaxies at 0.2 < z < 0.7. Due to the small redshift range
of the RQQ sample, a smaller subsample of 19 radio galax-
ies with 0.2 < z < 0.7 was used for comparison. Similarly,
a subsample of 51 non-active galaxies with 0.3 < z < 0.41
derived from the full galaxy sample was used for compar-
ing with the RQQs. RA13 used SExtractor to generate their
own galaxy catalogs, by including all objects detected by the
program with a classification < 0.85 as opposed to the more
conservative limits used in this study.
The density of the environments was studied by using
the spatial clustering amplitude, Bgq (Longair & Seldner
1979). The clustering amplitude was calculated for a dis-
tance of 170kpc from the target for all three samples. We
calculated the Bgq parameters for the RQS and MCGS, and
found values of Bgq,RQS = 34± 13 and Bgq,MCGS = 56± 15
for the two samples. RA13 found that the environments
of the RQQs are not significantly different from those of
non-active galaxies, with average clustering amplitudes of
Bgq = 151 ± 76 and Bgq = 79 ± 26 for the RQQs and non-
active galaxies, respectively.
For our RLQ and RQQ samples, we find Bgq,RLQ =
66 ± 47 and Bgq,RQQ = 27 ± 35, which are consistent with
each other. However, RA13 find an average clustering am-
plitude of Bgq = 395 ± 84 for the radio galaxies, which is
much higher than that found for RQQs. Although the sig-
nificance of the difference is only 2σ, this strongly implies
that radio galaxies reside in denser environments than radio
quiet. We note that the radio luminosities of our RLQs are
much lower than those of the radio galaxies studied in RA13,
which might explain why we detect no density enhancement
in comparison to our RQQs.
6 CONCLUSIONS
We have used SDSS Stripe 82 data to study the < 1Mpc
environments of low redshift (0.1 < z < 0.5) quasars, and
compared them with the environments of galaxies in the con-
trol sample of non active galaxies. The environments were
studied by measuring the number density of galaxies within
a projected distance of 200 kpc to 1 Mpc from the quasars,
and then dividing this by the number density of galaxies in
the background to calculate the overdensity of the region.
The overdensities associated with the quasar environments
were then compared with those of a sample of control galax-
ies well matched in both the redshift and the galaxy lumi-
nosity.
We find the following results:
(i) Quasars are on average found associated with small
group of galaxies. The overdensities of galaxies are mainly
observed in the closest (< 200 kpc) region around the source
and vanish at distance of 1 Mpc.
(ii) No statistically significant difference is found between
the overdensities around the quasars and the inactive galax-
ies at any separation.
(iii) No dependence of the overdensity on redshift, quasar
luminosity, the luminosity of the host galaxy, black hole mass
or the radio luminosity was found. The result is the same
for both our full and the matched samples.
We compared our results to those of previous studies,
in particular the ones by Serber et al. (2006) who studied
low redshift quasar environments (z < 0.4) and Zhang et al.
(2013) who focused on redshift of 0.6 < z < 1.2. We find
that the galaxy overdensity is independent of either redshift
or luminosity. For our sample of inactive galaxies we find
a trend of higher overdensities with increasing luminosity.
Contrary to Serber et al. (2006), we find the environments
of quasars are similar to those of inactive galaxies. Addition-
ally, the overdensities we find are lower for both the quasars
and galaxies than those of Serber et al. (2006).
The fact that we find no significant difference between
the environments of quasars and non-active galaxies suggests
that the link between the quasar activity and the environ-
ment of the quasars is less important than believed for fu-
eling and trigerring the activity. This also points to smaller
importance of (major) mergers than expected in triggering
the quasar activity, and that secular evolution (e.g. disk in-
stabilities) may play an important role. Similarity between
the environments of quasars and non-active galaxies could
thus indicate that the quasar phase is a common event in the
life cycle of a massive galaxy and does not depend signifi-
cantly on the local environment at least on the scales studied
here. We also find no dependence of the radio loudness of
the quasar on the overdensity, in agreement with studies by
Fisher et al. (1996) and McLure & Dunlop (2001). However,
as our sample of RLQs is very small, and their radio lumi-
nosities quite low, we cannot make rule out the possibility
connection between the environment and radio activity, such
as the one found in Ramos Almeida et al. (2013).
A detailed study of morphology, peculiarities of quasar
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Figure 15. The averaged galaxy number density as a function of projected distance from the quasar for quasars at a) z < 0.38 and b)
z > 0.38. The redshift cut was made to ensure each subsample had roughly the same number of objects. The dashed black line shows
the average background galaxy density.
hosts and colours of this large sample of AGN could provide
further clues to understanding the link between nuclear ac-
tivity and the processes fueling and triggering it. This will
be explored in a future paper of this series (paper III, Bet-
toni et al. in prep). Finally, the colours of the galaxies in the
environments of the quasars in this sample will be explored
in paper IV of the series (Karhunen et al. in prep).
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8 APPENDIX A - COMPARISON BETWEEN
THE SDSS CATALOG AND SEXTRACTOR
CATALOG
We compared the available SDSS Stripe 82 galaxy database
with catalogs generated by SExtractor by analysing the co-
added images. The comparison was done on three separate
fields, each associated with one of the quasars in our sample
(SDSS J203657.28+000144.3, SDSS J013023.51+000551.7
and SDSS J023922.87-000119.5). The Stripe 82 catalogs
were generated using the Stripe 82 Catalog Archive Server2
by including all the objects classified as galaxies within the
studied field with apparent magnitudes of mi < 24. The
Stripe 82 catalogs and the SExtractor catalogs were then
matched with respect to object position to determine how
the classifications of the objects might vary between the two
catalogs. Fig. 16 shows the apparent magnitude distribution
of galaxies for the two catalogs, with the S82 galaxies in
black and SExtractor galaxies in red. The two catalogs are
well matched for objects with mi < 22.5, where more than
90% of the galaxies are found in both catalogs. At fainter
magnitudes, however, the amount of galaxies detected by
SExtractor drops quickly. Including objects classified as ”un-
known” by SExtractor, improves the situation slightly, but
still at least 50% of the objects in the S82 catalog with
mi > 23 are completely missed.
To study the reason for the ”missing” faint objects, we
2 http://cas.sdss.org/stripe82/en/
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Figure 16. Magnitude distribution of galaxies in the field of
SDSS J013023.51+000551.7 from the Stripe 82 catalogs (black)
and the SExtractor catalogs (red).
performed a visual inspection of the frames. The visual in-
spection of faint objects (mi > 23) shows that they are
mainly background noise which was either undetected by
SExtractor or classified as an ”unknown” object. This is il-
lustrated in Fig. 17, which shows the field containing quasar
SDSS J013023.51+000551.7, with all galaxies in the S82 cat-
alog with mi > 23 marked with blue circles. Fig. 18 shows
four close-up views of the field, showing the faint S82 catalog
objects in more detail.
Figure 17. A picture showing the galaxies with mi > 23
(blue circles) in the Stripe 82 catalogs in the field of SDSS
J013023.51+000551.7 (position marked by the purple crosshairs).
Figure 18. Close-ups of a number of galaxies with mi > 23
(red circles) in the Stripe 82 catalogs in the field of SDSS
J013023.51+000551.7.
REFERENCES
Abazajian, K. N., Adelman-McCarthy, J. K., Agu¨eros,
M. A., et al. 2009, ApJ, 182, 543
c© 0000 RAS, MNRAS 000, 000–000
16 Karhunen et al.
Annis, J., Soares-Santos, M., Strauss, M. A., et al. 2011,
arXiv:1111.6619
Annunziatella, M., Mercurio, A., Brescia, M., et al. 2013,
PASP, 125, 68
Becker, R. H., White, R. L. & Helfand, D. J. 1995, ApJ,
450, 559
Becker, A. C., Silvestri, N. M., Owen, R. E., et al. 2007,
PASP, 119, 1462
Bennert, N., Canalizo, G., Jungwiert, B., et al. 2008, ApJ,
677, 846
Bertin, E. & Arnouts, S. 1996, A&AS, 117, 393
Callegari, S., Kazantzidis, S., Mayer, L., et al 2011, ApJ,
729, 85
Chu, Y. & Zhu, X. 1988, A&A, 205, 1
Coldwell, G. V. & Lambas, D. G. 2006, MNRAS, 371, 786
Croom, S., Boyle, B., Shanks, T., et al. 2004, in ASP Conf.
Ser. 311, AGN Physics with the Sloan Digital Sky Survey,
ed. G. T. Richards & P. B. Hall (San Francisco, CA: ASP),
457
Di Matteo, T., Springel, V. & Hernquist, L. 2005, Nature,
433, 604
Ellingson, E., Yee, H. K. C., & Green, R. F. 1991, ApJ,
371, 49
Falomo, R., Bettoni, D., Karhunen, K., Kotilainen, J. K.
& Uslenghi, M. 2013, MNRAS, submitted
Ferrarese, L. & Coˆte´, P. 2006, Proceedings IAU Symposium
No. 238
Fisher, K. B., Bahcall, J. N., Kirhakos, S. & Schneider,
D. P. 1996, ApJ, 468, 469
Hennawi, J. F., Strauss, M. A., Oguri, M., et al. 2006, AJ,
131, 1
Kormendy, J., Fisher, D. B., Cornell, M. E. & Bender, R.
2009, ApJS, 182, 216
Longair, M. S. & Seldner, M. 1979, MNRAS, 189, 433
Loveday, J., Norberg, P., Baldry, I. K., et al 2012 MNRAS,
420, 1239
McIntosh, D. H., Guo, Y., Hertzberg, J., et al. 2008, MN-
RAS, 388, 1537
McLure, R. J., Dunlop, J. S. 2001, MNRAS, 321, 515
Myers, A. D., Brunner, R. J., Richards, G. T., et al. 2007,
ApJ, 658, 99
Ramos Almeida, C., Bessiere, P. S., Tadhunter, C. N., et
al. 2013, MNRAS, 436, 997
Richstone, D., Ajhar, E. A., Bender, R., et al. 1998, Nature,
385, A14
Schneider, D. P., Richards, G. T., Hall, P. B., et al. 2010,
AJ, 139, 2360
Serber, W., Bahcall, N., Me´nard, B. & Richards, G. 2006,
ApJ, 643, 68
Shanks, T., Boyle, B. J. & Peterson, B. A. 1988, ASP Conf.
Ser. 2: Optical Surveys for Quasars, 244
Silk, J., Wyse, R. F. G. 1993, Physics Reports, 231, 293
Shen, Y., Richards, G.T., Strauss, M.A., et al. 2011, ApJS,
194, 45
Smith, R. J., Boyle, B. J. & Maddox, S. J. 2000, MNRAS,
313, 252
Strand, N. E., Brunner, R. J. & Myers, A. D. 2008, ApJ,
688, 180
Stockton, A. 1978, ApJ, 223, 747
Wake, D. A., Miller, C. J., Di Matteo, T., et al. 2004, ApJ,
610, L85
Wold, M., Lacy, M., Lilje, P. B. & Serjeant, S. 2000, MN-
RAS, 316, 267
Wold, M., Lacy, M., Lilje, P. B. & Serjeant, S. 2001, MN-
RAS, 323, 231
Yee, H. K. C. & Green, R. F. 1984, ApJ, 280, 79
Yee, H. K. C. & Green, R. F. 1987, ApJ, 319, 28
Yu, Q. & Tremaine, S. 2002, MNRAS, 335, 965
Zhang, S., Wang, T., Wang, H. & Zhou, H. 2013, ApJ, 773,
175
c© 0000 RAS, MNRAS 000, 000–000
